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SECTION I
INTRODUCTION

Modern traoapcrr aircraft generally vrequire tle use of thigh-
agpect~ratio wings and, as a result, can ex.crience significant aerocelastic
effects during flight. These effects rapge in severity from induced
aercelsastic twists that wmodify rigid aircraft airload distributions to
flutter phanomena which may cause tne castastropic destruction of aircraft
coutrols and lifting surfaces. Thus, the accurate prediction of potential
aercelastic nroblems. especially flutter instabilities, 1~ an Iimportant
fzutor in toe production of safe, efficient flight vehicles.

The availability of accurate computational aerodynamics methods 1is
criticai to the successful development c¢£_ zeliable aeroelasziic prediction
techoniques. In the past decada, the production of larger, high—c<reed
computers anu advinces {n cowmputztional fluid dynamics hav led to the
development cf imprcved numerical aerodynamic analysis procedures. One of
the majur objectives of these i1csearch efforts has been the development of
analysis methods for msteady transounic flcws. This emphssis is due, ix}
part, to the potential performance improvements which can be cbtained with
transcuic cruise aircraft.

New craputational methods have recently teen developed for calculating
both two= ard three-dimensional unsteady transcaic flows. In two
Jixeniions, thesa new codes 1include amocderate~ frequency extensions of
LTRAN? (Reference 1) full-potential equaticn solvers (References 2-€), and
line .. 2etrods w..ll thock-weve wmotion aopproximations (Refereaces 7, 8).
Zor three-dimepsgion.] £low . ‘illons, time—accurate computer programs are
currently i~ the developmental stage at Boeing (Reference 83), che
Lockheed~Georgia Company (kelerence 13), NASA-Ames (Reference 11), and ithe
NAL (Reference 12).

Becjuse of rhese research programs, new codes are reaching a level of

development which warraants correlazion with tesat data. A systematic



correlation effort will help to establish code accuracies, efficiencies,
and ranges of applicahility; In addition, such correlations are necessary
to provide the insight required for further code refinements.

Onforcunately, unsteady experimental data suitable for code corre=-
lation efforts are scarce, and are virtually non-existent fcr advanced-
technology wings at transonic speeds. Although experiments (Reference 13)
have been conducted at NASA-Langley for - supercritical transpor: wing with
oscillating control surfaces, further experimental research is needed to
investigate additional unsteady motions, such as wing pitching and tending
oscillations.

Toc meet this nsed, a cooperative program was iaitiated in 1979 to
produce unique unsteady transonic aerodynamic data omn an aft-lcaded 3-D
transport aircraft type wing. This program resulted from common interest
at Lockheed-Georgia, AFWAL, NASA-Larngliey and the NLR in the acquisition of
high-quality test data to validate new computationzl methods and to provide
insight 1into 3-D unsteady transonic flow phenomena. This cooperative
effort has become known as the LANN program.

The major cbiectives of the LANN test program were tfo:

{1) Fabricate a model represeantative of a modern tachnology transport
wing and suitable for unsteady testing ia both the HST tuanel ar
the NLE Amsterdam and iz the NIF facillty at NASA-Langley.

(2} 4cguire &« 3et of high-qualicy, correlatlon~tailored, traascaic
test data for steady and unsteady flcw conditions in the HST

tunnel.

{3) Utilize selectad portions of these data to correlate theoretical

resulza {rom several 3-D tramsonic-flcw computer programs.

Under the LANN program cgreement, AFWAL monitcred and coutroled the



program, and, together wit! NASA-La gley, provided partial funding to NLR
and Lockheed. Lockheed recaived coatract support for program coordinatiom,
data correiation, and prapsraticn of the final program report. The desisn,
‘fabricatic~, 4nd static mesasurements of the wmodel were fundea under
Lockheed=Georgia's Independent Resasrch and )Je7-lopment program. The
Natiocnal Aerospsacy ilaberatcery d:-digned aud fabricated the wlag mount,
perfo.red the wind tonael tests, ana prepared the final test data rcport.
Finally, NASA-Langic«y provided computar tiae and wmade available :o Lockheed
an {mproved verzion of the Boeing C{cmpuny's XTRAN3S cude during the data
correlation phase of the LARA program.

Th's repor. describes the vork performed under tre LAMN progras Iroca
May 1980 tc Februa:y 1983. The first section describes the wmodel design
objeciives, geometric detalls, {nstrumeazatiocn, and ;tructural properties.
The next two sections discuss the tesit facilicy, data acquisicion and
reduccion m:ethods, and the tunnel test program. Finallr. correlations of
selected tzst results with ncamerical comput_tions obtained from several ad-
vanced, transonic-flow computer programs are presect.d tc assess the
accurac” and efficiency of the evaluated :zodes.

Wl



SECTION II
LANN MODEL DESCRIPTION

The wing geometry chosen for the LANN prograa was e large scale
version of a wing previocusly designad and tested by the Lockheed-Georgia
Company under funding frc. the APOSR (Reference 1l4). This wing geometry,
designated Wing A i{n Raference 14, was picked for the LANN unsteady tests
for severzl reascus. First, Wing A was represent- ‘ve of a
modern-technology transport wing (i.e. high aspect ratic, moderate wing
sweep and ctwist, supercritical airfoil sections). 3ecoud, an extensive,
steady transounic-flow data base for this geometry was available to guide
plamning of the unsteady test program. Finally, the simple planform used
in the Wing A design would facilitate fabrication of the model and
eliminate the question of geometric complexity when evaluating numerical
resulls obtained from vew transooic flcw computer codes.

1. MODEL DESIGNM

The LANN wing mcdel was decigned to satisfy several different tast
program objectives. Consideration: of these cbjectivas datermined the
structural amaterials, fabrication techniques, and cypes of instrumentacion
used in the final model design.

A major objective of the LANN program was to produce a wing model
suitable for testing both in the High Speed Wind Tunnel (HST) at YLR and ina
the crvogenic Naticoal Transounic Facility (NTF) at NASA-Langley. This last
requirement demands that the model be strong and stiff enough for unsteady
tests at cryogenic temperatures. To be acceptadle for NIF testing, NASA
has specified certain miiimum requirements for fracture toughness at cryoc-
genic temparatures which caanot be met with steels ordinarily used for wind
tunnel testing. Therefore, ‘n order tco meet NASA 3tandards, the. LANN model
was fabricated Ii-am Nlitronic 4C Stainless Steel. Thisg zaterial was chosen

for tne rollowing reasons:

e



(1) acceptable strength at room temperatures

(2) good strength at cryogenic tamperatures

(3) good toughness at cryogenic temperatures

(4) easiar to machine than other materials considered

(5) buetter corrosion resistaance than other materials considered

Also, since the NIF tunnel entry date is expected to occur after 1984,
the possibility for retrofit of model instrumentation was an importaat
design constraint. Therefore, to permit access o the wing
instrumentation, the wmodel was constructed with a lower c.ov(r plate
attached to the upper half of the wing by taper pins and screwa.

Finally, the possidbility cf future resesrch applications for the LANN
wing was congidered ia the design of the model. To satisfy this objective,
the LANN wodal design incorporstes provisioas for active
alleron,wing/pylon/nacelle, and wing/wirgzlet configurations. These
provisiocas include:

(1) a detachable ailercn with space inside the model for an a_leron
oscillator and provision for static aileron deflectioa testing.

(2) hard x;oints for future addition of a pylon and nacelle.

(3) hard ooints for future :ddition of wing tip devices (winglets,
tails, etc.).

2. MODEL GEOMETRY

lne LANN model planform is shown in Figure 1. The wing has straight
lesding and trailing edges. The planform aspect ratio, leaciing edge sweep,
and wing taper ratic are typicai of wmodern transport wing designs.
Geometric parameters for the model are listed in Table 1.

The location and dimensions of the ailerca cutout are alsc showu in

Figure 1. TYor the present clean wing tests, ao alleron was instaliled in

wn



the wing cutout. This aileron was fixed at s zerc degree deflection by two
drackets attached to the ~—per portion of the wing model. The hardpoint
locations for wmounting a pylon or wing tip device are likewise indicated in
Pigure 1.

The model zssembly is illustrated in FPigure 2. The inside surfaces of
the two wing halves were dasigned to provide space within the wmodel for the
necessary tsst instumentation.

The airfoil sections used in this wing design are from a family of
supercritical airfoils developed by the Lockheed-Georgia Compeny. The wing
shape is defined by two coatrol stati.is; oane at the wing root and the
other at the wing tip. The wing design ordinates for intermediate span
stat .ons were genarated by linesr loft between the wing roct and tip. The
coantrol station aizfoil shapes are shown in Pigure 3.

To insure an accurate definitica of the LANN wing model geometry,
measured airfoll coordinates were obtained at eight span staticus on the
model. These data are given in Tablas Z thru 9. Iz the tables, measured
ordinates and courrespoading chordwise locatiocns are non-dimensionalized
vith respect toc local chord.

3. MODEL INSTRUMENTATION

In order to provide a data base which could be used to verify
transonic-flow computer codes, the LANN model was instrumen:ed to measure
surface pressurei at a large number cf locatiocas on the wing. A total of
240 static pressure orifices were positioned in chordwise rows at 6 wing
span statiocs. One hundred and forty-four crifices were located on the
wing upper surface, while the remaining 96 orifices were placed ou the
lower surface covar plate. The spanwise locations c¢f the pressure orifice
rows are shown in Figure 4. The chordwise locations of the pressure

orifices are givean in Table 10.

an



Two rows of static pressure orifices are located on the inboard region
of the wing whera a double shock formation was expected based on earlier
Wing A tests (Reference 14). The [irst row is at 20-perceat s¢uispan and
the second row is at 32.5~percent semispan. The pylon/nacelle hardpoint is
located at the 40-parcent semispan. Rows of pressure orifices would be
desirasble on either side of the pylon, so the 32.5-percent row was airrored
with a third row at the 47.5-percent semispan. A fourth orifice rov vas
located at the center of the fixed wing aileron, while the 47.5-percent row
was airrored with a fifth row at the 32.5~perceat location. Finally, the
sixth static pressure orifice row was positioned near the wing-tip at
$5~parcent semispen.

Zqual length stainless steel tubes weare connected to> each pressure
orifice from inside the wing internal cavity. The tudbes were sclaered at
the orifices with a wmaterial vhich is suitsble for a cryogeaic test
sovironmeant. The tubes were then routed out of the wing root, along
channels milled into the ianternsl surfaces of both the upper and lower
surface cover plates. Final.y, the tuces vere divided into several groups,
each group being attached to an ¢lectronic scanning vaive.

Additional pressure sensing instrumentation cousisted of 22 {nd!vidual
Endevce dynamic pressurs transducers. These preisure transducers were
posicioned alcng the wing span in two chorcduise rows. The gpaawise
locations of these cransducers is showa in Figure 4 and the chorawise
locations are listed in Table 11. <Each transducer was located approxi-
sately .005 1inch to or~ side of an existing pressure tube orifice and
fastened by holders attached to the inside of the uppar surface plate. The
wire leads for each transducer were shielded by stainless :*eel tubing and
routed out of the wing root.

Surface presaure misiurements on the LANN model were wmade using the
'R measuremen” technigur. This method 13 particularly well suited to
hancie 3 laxze ogumber of r-essure data at a relatively low cost. The

princicle of this technique {s to use cuaventional static pressure



tube/scanning valve instrumentation for dynamic as well as static
seasurements. In the steady case the pressure at the surface orifice is
reco...ed directly. TFor unsteady f'~w casss, however, the tube g omecry,
®8an prassure lavel, compressibility effacts, and frequency of the pressure
fluctuatioa play a significant role in the dynamic response of th
sesasuring systea. Therefore, during unsteady testing, the pressure
measursd at the scanning valve had to be adjusted in magnitude and phase to
correspond to the actusl pressure at the model surfcce. To determine the
accessary tube respouse corrections, the actual transfer functions of a few
reference tubes were measured with the in-situ Endevco transducers. The
msasured transafer functions were then used to calibrate the remaining
pressuze tubeé responses. Further details of the NLR unsteady pressure
measuresment technique are given in Reference 15.

During unsteady testing, the model aerocelastic mode sh- >e¢ was measured
using 12 accelerometers and one LVDT. The LVDT was positioned near the
ving root station and was used to moritor the smplitude and frequency of
the wmotion 4iaput to the wmodel. The accelerometers were located in
chordwise rows at 4 wing span stations. The piacemeat of these
accelerometers on the wing planform is shown in Figure 4 and the chordwise
locations are listed irc Table 12. The wire leads o each accelerometer
were routed outside of the model through stainless steel tubing.

4. MODEL STRUCTURAL FROPERTIES

During unsteady tests, the aeroelastic mode shape of the LANN model
vas measured dirsctly usiag in—-situ accelercueters. Eowever, for steady
. £flo4 conditions, nv similar direct messurement of the model static aero-
elastic deformation was made. Therefore, in order to permit an estimation
of static aeroelastic effects on the LN wing, model stiffness
distributions were measured after azrodynamic testing in the 3T facility.
This effort was funded under Lockheed's 1Indenencdent Research and
Development progr.m. The model atructural data is reported here o provide

a more complete data bass for the LANN test program.



For the model stiffness measurements, it was assumed that the gross
structural properties of the LANN wing could be adequately modclad using a
baesm representation. This assumption is based upon a consideration of the
following items:

(1) wing aspect ratio

£2) Nitronic 40 structural properties

{3) wing thickness distribution

(4) 1intended use of stiffness data (i.e. ustimatioc of primary
seroelastic twist effects)

The elastic axis of this besm wmodel was assumed to lie aloang the 38 chord
line of the wing. This locatior for the elastic axis wis chosen based on a
graphical analysis of the wing sectiooal area distributions. This analysis
alzo accounted for the internal aodel cavities along the wing span.

The stiffness properties of the LANN wing were wm2asured wusing
conventional force-deflection techniques. These mesasurements were obgained
at wing span locations shown in Pigure 5. LA torque bar attached to the
ving tip was used to apply known forces and momerts at the elastic axis
location. Rotation anglas were then aessured using a light beaa which was
refiected onto a fixed grid pattern froam mirrors attacﬁed to the wing along
the ‘elastic axis. The laboratery setup for this test permitted siope
megsurenents within .004 degree.

The wing EI and GJ distributions were obtained hy first plotting the
measured values of beading and torsional slopes versus span location,
passiag smooth curves through this data, and then determining, graphically,
che derivatives of these curves at selected intervals. The resulting
bending and torsiocnal stiffness distributions, EI and GJ,- are given i{n
Table 13 and plotted in Figures € and 7.

The beam model representation for the LANN wing was verified by

W)



comparison of computed and measured vibration characteristics of the model.
The 1C lowest cantilever wing modes and frequencies were measured using au
impact snalyzer. The firat four of these modes are shown in Figure 8.
Nert, mass and inertia distributions were calculated for the wing model.
These data are given in Table 1l4. Finally, the measured EI and G&J
distributicns, together with the calculated mass properties, were used to
compute an estimate of the 1lowest four wing wmodea. A comparison of
measured and calculatad naturali frequeucies is given in Table 15. Also
shown in this table ars the four lowest wing-in-mount modes measured by the
NLR. A compariscn of the NLR and Lockheed test results gives an indication
of the effects of wing/mommt flexi:ility on the wing vibration
characteristics.

10



SECTION III
TEST FACILITY

Tests of the LANN wing model were performed in the transonic wind
tunnel (HST) of the National Aerospace Laboratory (JLR), Amsterdam. This
is a clowcd circuit wind tunnel with a2 test section of 1.6 x 2.C meters and
a velocity range of Mo = 0.0 to Mx = 1.28. Typical Reynolds aumbers of
5 x 105 based on maan aerodynamic chord were attained on the model during
testing. ‘

The wing model was attached to a support that was mounted at the gide
wall of the tunnel tast section. This support mechanisa was designed and
built by the NLR. The mean angle of attack of the model could be adjustad
remotely over a i3 degree range with respect to a preset raference angle.
This reference angle fur the wing mount was adjusted by rotating the
mounting system with respect to the tunuel centarline.

Tha support also permitted wing oscillations in pitch about an axis
ncraal to the tunnel side wall. The pitch axis intersected the wing roct
at a position 62.1% of chord aft of the leading edge. For unsteady testing
the wucdel was driven by a hydraulic exciter which was controlled by a
variable frequency oscillater. The amplitude <f oscillation could be
varied by adjusting the travel distance of the hydraulic exciter shatt.
The am litude of oscillation could be adjusted up to 1.0 degree, while
the frequency could be varied be-.ecen O and 72 Hertz. Figure 9 illustrates
tne wing/mount mechauism. The wing is shown installed in the HST facilir:
in the photograph of Figure 10.

A scheamatic of the NLR's data acquisition and reduction system callced
PHAROS (Processor for Harmonic Analysis of the Rasponse of Oscillating
Surfaces) 1s shown in Figuw.e 1i. 7The FHAROS system 1s an accurate computer
controlled multichannel transfer function anaiyzer. This system I{s capable
of con-~line analysis of tucoming data from -3 channels, measured simul-

tanecusly. A complete description of the system can be found In Reference



16 from which Figure il 1s adapted to reflect the LANN test equipment
configuration. '

A unique feature of the PHAROS gystem i{s the capability for repid
‘on-.ine data reduction during testing. Output quantities from the PHAROS
system are the zeroth (steady coumponent) and the real and imaginary
components of the first harmonic of the unsteady pressures. 1In additionm,
higher harmonic contributicns can be measured when required. Section lift
and aoment cuefficients are alsoc obtained by integration of surface

pressurs distributicns.



SECTION IV
LANN TEST PROGRAM

The wi: tuanel tests of th¢ LANN model were performed in the HST on
December 14-17, 1981. The tesat schedule was chosen to provide aerodynamic
data for variations of the following pearameters:

(1) hach oumber

(2) Hean angle-of-attack

(3) Amplitude of pitch oscillations
(4) Frequency of pitch osciliations

The tests covered a2 Mach number range between Mw= 0.62 and Mo = .35. Mean
angles-of-attack cf hetween =.4 to 6.0 degrees were examined. For unsteady
tests, the ampilitude of oscillation ranged between +.25 and +1.0 degrees.
The reduced Ivequency, based on wing root chord, was variad between k = 0.0
and ¥ = 1.0. A totzl of 217 steady and unsteady test runs were made in the
HST facility. ©For these tests, transition was fixad by application of a
grit strip on the upper and lower wing surfaces. To simulate the Wing A
transition location, the grit strips were positioned .71 inches aft and
parallel to rthe leading edge. Each grit strip was 2 mm in width and
consisted of &2 micron diameter carborundum 220 grit.

The tuanel test conditions for the LANN wing are summarized in Figure
12. The Figurz shows the lift coefficient versua Mach number variation for
each mean angle~of-attack examized in tlh:c test program. Also shown in the
figure are Lie conditions for walch frequency 3swee, and quas.-steady data

vere cbtained.

Values ¢ the parameters used in each test ruu are indicated in Tables
16 through 21 which are adanted from Reference 17. Table 16 lists the test
parameters and corresponding run ID numbers for the steady~flow conditions.
Tables 17 and 18 1{st similar information for the uzsteady test conditious.

The bagic unsteady schedule, shown ia 7Tuible 17, was performed with a



constant %.25 degree amplitude of oscillation. Additional unsteady data to
examine the effects of amplitude variation and the significance of higher
harmonics are itemized in Table 18. Finally, test run numbers ~ud flbw
parameters are listed in Tables 19-21 f.. quasi-steady condlicions and a

number of miscellaneous unsteady test couditiouns.

A complete description of the experimental data obtained and data
presentation formats for the LANN wing can be found in the NLR final test
report (Reference 17). Among the data recorded iu the report for each test
condition are the following items:

(1) Reymold's number

(2) Mach number

(3) Mean angle-of-attack

(4) TFrequency of oscillation

(5) JAmplitude of oscillation

(8) Chordwise pressure distributions

(7) Sectiounal 1ift and mcment coefficients
(8) Total wing lift and moment coefficieats
(3) Unsteady aerocelastic wuude shape

The majo;icy of the LANN wing aerodynamic data was obtained for
attached fiow conditions. However, rior steadyAflou, an augle of attack
sweep was made at Moo= .82 to provide separated flow pressure uata at
transonic conditions. In additicn, unsteady separated flow data was

obtalned fcur subcritical and supercritical conditlcas.
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SECTION ¥
DATA CORRELATION

In 1977, the 4&ir Force Syscemsz Command initiatad 2 program with the
Boeing Military Ajrcraft Company to develop practical computatiocnal methods
for the analysis of unsteady transonic flows over clesan three-dimensional
wings. As a result of tnis reseaccn effort, a pillct computer prograa,
known as XITRAN3S (Referecce 18), has recently been released to the Alr

Force ané NASA laboratories.

The XTRANZS zomputer program as well as the computer rzscurces <sed in
rhis data-correlation effort were provided by NASA-Lzangley. This program
containg several improvements, namely a new coiputatioconal gr’d distribution
and code vectorizatiocn, made By the persoonnei of NASA-Langley. The latter
izprovement shorTiens the computer run time in comparigon ze the sriginal

PTOgLdd.

In add{ition tc XTRAN3S, a computer program developed in 1979 under a
-Lockheed~Georgia ITRAD project, which coupled a small disturbance steady
Ilow wing code of Bgiley—-Bcllihaus (Raference 19), with a two-dimensional
boundary—-layer ctde of McNally (Refererce 20) was used for steady flow data
correlation. This program allows the selection ¢f any aumber of
pre~determined soan-sta.ions where weak coupling of the boundary-layer is
desired. Also, the program user may specify the unumber of times that
boundary’ laver calculations are pertormed during the iterative solution
procedure. This feature permits the user "o reduce computer run times for
cises where boiadary layer effects are not expected to significantly modify

te cuter potential flow sclutiocn.

The airfoil-section gecmetry usad in the XIRAN3S code was intsvoolated
from poiynomials fitted to the measured wing ordinates that are shown In
Figure 13. This is regarded as the reference positiou of the wing. 4s can
be seen ia the figure, ¢ti. static t-ist of the wing, which i3 2

ccunter—c.ockwige twist from the rcot to the tip, 1s incliuded iz the wiag

——t
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reference gecmeatry. Por Wing A, oo the other hand, no wing twist is
included in the wing reference geometry and the wing cwist discribution
needs to be included in the input data set for code correlation. The same
geoaetry used in XTRA3S was also used as input for Bailey-Ballhaus/McNally
(B-B/M, code to maintain consistency of the ordinates used in computatiouns.

A grid of 13 span stacioas by 39 points along each span station was
used in the computation with ITRAN3S code and a grid of 25 by 33 was used
in the B-B/M code.

In the XTKAN3S program, one of the optious that a user can choose is
the set of coefficients for the small dictwrbance equation used in the
Z-vgram. These coefficient secs are designated as NLR, Ames, classical and
~linear. Ancther coption for the type of equation that a user can choose is
either to include :zhe second darivative term of velocity poteanrial with
respect to time for high frequency cases, o1 ts neglect it for low
frequency cases. Ounly limited effort was made in this study to examine the
w{fects of thesze different cptions on the final solutiou due to the
ligitations in the available computer resources. Witk the exception of
several znslyse3 made using the NASA-Ames coeffficients, all of the czlcula-
t‘cas wmade in this ectudy were with N.R coefficients and low frequency

cptions for steady .low and the khigh frequexcy option for unsteady {low.

The majority of the code correlations, both steady and unsteady, which
are presented in this sectica are centered around the design ccaditions cof

dach number = (.82 and mean ang.e of attack = 0.60 degrees.
l. STEADY FLOW

In the following, the code correlation Tesults using :he test data of
both the LANN Wing (Reference 17) and Wing A (Reference 14) and the
computed regults of TTRAN3S and B-B/YM ccles are presented. For steady Zlow
calculaticns, the XTRAN3S orogran, which was develconed using he unsteady

form c¢f the small disturbance equatioa, treats the flow as a traasiecot

-
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flow. The flow {a impulsively started from rest at time zerc aand the
computation is coanticued until all transients have either completely or
nearly disappeared. For convenience, the term “chorda-travel'ed™ i3 used
in this report to describe the state of mmerical computatiomn or the
di:tence in terms of tfu wing root-chord that the wing has travelled during
the ce=ruiation. The number of chord lengths traveled refers to At * number
of iteraticas. A good illuscrative exsmple of this is shown in Refereace
21, page 28S.

Two comparison runs for the steady flow design condit’ons were wmade
with the XTBAN3S ccce to deteraine which coefficient se:, either Ames or
NIR, is wore suitable for he LAMN wirg. The computed results along a
cumbder of selected span-stations, after 4C chords travelled, are shown in

. The tise StEp sizes used vere G.04 and 0.025 for rucs using

e
i

Ames and NLR coefficients, respectively. The calculated resulis at af

seai—-span station and the experimental dsta at C.475 semi-span statioun are
shown in Figure 15. As can be seen from these figures, the effect of using
different coefficient-scts is mainly in the shock locaticu oo the winag.
- The shock locstionm of the results obtained usin~ NLR coefficients is
downstream of that obtained from the Ames coefficienrs and Is clcser to the
experimentsl results. Therefore, NLR coefficients were used in all other
tuns with the XTRAN3S code, including the unsteady vuns.

The time histories oI the wing normxl force for several tvpical runms
are shown in Tigure 16. The numerical rtesults seem tc have converged
after 500 time steps (approximately 2C to 40 cherd lengths, cdependen: on
time step’); however, the r:sults may show a low amplitude, low frequency
numerical oscillation s& time progresses further. Since the variaticn cf
the results with respect to time is so small, one may accept the Tesults
&8 converged at any point after the 500th time step witZcut incurring a
significant error.

Figures 16(a) and 16(b) respectively shcw the tvpical convergexce
pattern of a low and 2 high Mach number flow conditicre, The zime step

8izes used were tespectively 0.CZZ aad M Né, The low Mach 2umter case



coaverged in less than 200 iterations whereas for the high Mach mmber it
took about 400 iterations. The coavergeace pattern for these two cuges is
aoticeably different. Whether the difference in the convergence pattern
sucwvn in these two figures was cauvsed by the different time step size used
in these two runs or zhe difference in the shock streangth in che flowfield
has not been invesacigated. However, ovone would suspect that the shock
strength has more to do with tha coovergence _attern than the integration
time step sizs used.

Figures 16(c) and 16(d) show the convergence pattern of one analysis
(Mach mmber = 0.82 and maan angle of attsck = 0.85 degrees) started from a
uniform flow and the cther from a set of coavergeat results ior different

rin

low comdizions {(Hach oumber = (.87 and mean angle of attack = 0.6

. L oS

zi=s 33ISE Siic usel wAs U.U4 for both runs. The coanvergel
noTmal force for the wing shown iz Figures 16{(c) and 1A(d) is 0.39 and
C.383, respectively. The ourerical results differ slightly but the

difference in the aumber of {teratious requited i3 Juite significant, that
— is 800 versus 30C. Therefore, it appears to be that if a slight error in
the final solutiocn is tolerable, a start from an already converged result
may significantly reduce computer run costs.

The coaverged steady flow resulits from the XTRAN3S code for the design
couditions are chown 1in Figure 17 vaich also includes the LANN wiag
expetizental dataz. The computation was made with a time step size of C.04
and {terated for 1200 time steps. The code tands to under—-estimate the
suction on the upper surface. However, there is good agreement in snock
locations and pressure reccvery behind the shock except near the wing tip.
The agreement c¢i the pressure distribution on the lower surface, ia
general, is fairly goca, but the comparisoz, as on the upper surface, also

deteriorates near the tip.

A similar comparison with the results cbtained frow the ZInviscid and
viscid ocptions of B-B/M code {s showr in Figure 1&. The boundary laver

elfects tend to lower Che suction peak acd move the shock wave forward.
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When the flow is not separated, the boundary—layer effects do not appear to
be very large. The correlatiou of the results obtained from the B-B/M
code, as in the XIRAN3S csse, is not very satisfactory near the tip.
Althoug™ & strip boundary layer approximation 1is adequate in the mid span
Tegion oi aocderately swept high aspect ratio wings, an accurate prediction
of viscous effects &t the wing tip would require the use of a fully 3-D
boundary-layer method.

The pressure coefficient distributions of the wing shown in Figures 17
«id 18 ave combined and shown in Figure 19 where the results from three
mathods are compared with the experimental data. 1In the figure, the B-B
indicates the inviscid optiocn of the B-p/M code. The suction peak of
XTRAN3S code girrelates better with ihe measured data near the wing tip.
However, the B~B or B-R/M cndes show better agreement with data aws
the tip.

from

i

In order to calculate quasi-steady pressure distributions, tuwc
additiotal steady-flow conditiocns were computed using both the XTRAN3S and
the B~B codes. ¥For tnese analyses, the mean angle of attack was nerturbed
by t0.25 degree from the design condition of 0.6 degree. Shown in Figures
20 and 2.1 are the results obtained respectively from the XTK..3S and B-B
codes for a Mach number of 0.82 and wean angles of attack of 0.35, 0.60 and
Q.85 degree at spso-statiocos where measured data are available. The
rosults obtained frow the A RiN3S ¢ode showad 2 stromg nosniimear effect,
especially the shift cf shock location. A smaller change in the mean angle
of attack =AY be necessary to use XIRAN3S code for the quasi-steady
analysiai.

The effect of the mean angle of attack om the normal force and zowment
of the wing at a fixed Mach uumber (¥ = ©.82) is shown in Figures 22 and
23 A differemce in thz sicpe and zoro 'ift angle of the measured normal
force fcor LANN Wing and Wing A can be seeu in Figuve 2i(2). The difference
in the Wing 4 and LAXNY data are zost likely due to wind tunnel wall

interference effects or ¢ che type of tunnmel wall configuratica used



during testing (porous versus slotcted walls). This figure alsoc shows that
the slope rvmains nearly constauc ror both LANN Wing and Wing -. until the
angle of sttack is greater than 2.0 degrees beyond which the tlcw starts co
sepsrate from the mid spaxn.

Figury 22(bd) shows the computed variation of the LANN wing normel
force with che mean angle of attack at a fixed Mach number. The agreement
vith the experimentsl data st lower argle of attack was very guod but the
numerical methods failed to generate meaningful results when the strong
flow separation took place. A similar comparison of the pitching moment
coafficient, about the aerodynamic center (see Figure 1), is shown 1
Figure 23. The agreement of the viscid reasults of B~-B/M code with the
measured data is very good at lower angle of attack, while the agreement is
cnly fair for the inviscid res.lts of B-BR and XTRAN3S codes.

povy

The normal forze and momen: variaticn at a fixed mean angle of attack
(0.6 degree) with respect to Mach number zre shown in Figures 24 and 25,
respectiveiy. The agreeaent between the measured normal force and the
results of B-B/M code is very good at lower Mzch number. At higher Mazch
number, the comparison was not possible because of the flow separazion. A
similar comparisou of the pitch moment coefficieat, about the aerodynamic
centar, is sh~wm in Pigure 25. The correlation with the experimental data
was quite good, as in Figure 23. The span loading at the design Mach
aumber (0.85) for various angles of attack is shown in Figure 26. 1Ia
general, the B~B/M code gives the best correlation. <Finally, pressure
distributions at a number of span—-statioas at 0.C degree angle of attack at
various Mach numbers calculated with XTRAN3S code is plotted in Figure 27.
The nonlinear effects due to a change in Mach number seems to be stroager

near the wing tip than near the wiang root.
2. UNSTEADY FLOW

The data correlatisus for umsteady transonic flow were performed with

XTRAN3S using the option iabeled “dynamic analysis of a flexible wing with

N
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specified wodal moticn”. 1In addition to this, the B-B/M code was used to
generate quasi-steady results.

An XTRAN3IS run vas made to simulate Test Bun Number 73 (see lable 22),
nanely, Mach number = 0.82, mean angle of attack = 0.60 degree, and pitch
amplitude = 0.25 degres at 24 cycles per second. The experinentally
measured LANN Wing wode shape was used as input for che XTRAN3S run. The
unsteady fiow results using the converged steady state flow fiald as the
iaitial conditions sttained steady sinusoidal state in less than two cycles
of computation. A rather small time step size (0.04265 for a reduced
frequency of 0.2046, 720 steps/cycla), however, was required in this
example to maintain numerical stability.

-+ 4
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Othar similar rune were ales =ade =zt hizher {Tequency, namely &
and 72 Hz, under the same flow conditions. Thase tws runs were to simulate
Test Run Numbers 35 and 87. The time step size for the 48 Hz case was
0.04293 (360 steps/cycle) and that Zor the 72 Hz case was 0.04283 (240
steps/cycle). The tine history of the wing normal force is shown 1{a
Figures 28(a), (o) and {¢) fo* Iest Rius 73, .85', a:.d 87, respectively. It
iz noted that the lover the reduced frequeacy, the fewer number of cycles
are required fn: the computations to a’.tain the cooverged steady sinuscidal
results. This may bs attributed to the fact that wave propagation is
iaversely proportional to the reduced frequ~racy. At the lower frequency,
the effects of boundary voaditicns, both wing surface aug far-field, are
fed 1into the aqaumarical computation raster thap the case at higher
frequency. Thus, the solution to the boun.ary vaiue problem is attained at
a ‘vater race. By tue same reason, the trz sieat caused by the imrulsive
5 . ¢ of wing motice at time zevo, dacayed faster for the low frequency

cage taac Ifor the high frequi:cy case.

The messured wiong wmode shape as given in Reference 17 counsists of
countributions from heave and pitch. The contribution from heave, however,
is much smaller than tnat from pitch. A short run was made with the piteh

alone by neglecting the coantribution from heave. The effect of heave, as

21



was expa2cted, is insignificant.

One cycle each of the messured normal force vaviatioa 1is shown in
Figure 28(d). The mean values and amplirudes of the measured and the
calculated data are summarized in Table 22. As can be seen, the agreement
between the mesasured and the coamputed results is poor.

L comparison of the calculated and measured surface pressures during
one cycie of pitch oscillation for Run 85 (reduced fraquency 0.40657 or 4§
Hz) at the various angular positions is stown in Figure 29, and a
coaparison of the pressure coefficient along various span-stations at
differant augular positions is shown in Figure 30. Tahe fluctuation of

pressure over the wing during oune cycle of pitch osciliztion is rather

small amd

— —==211 znd the <=peTimentai dJdata nardly show any shoc: movement. The
<
>4

results of ITRANMIS, however, show a 5 to 10 percent shock excursion.

. Quasi-steady results obtainad from the scealy flow ta showu in
Figures 2C and 21, (at design conditions) zre preseantad in Figure 31. The
mear angie of attack was perturbed positively and negatively from the
design conditiocn by C.25 degree. The agreement beiween the computed and
weasured data on the lower surface, in general, is such better than that osn
the upper surface. This obviously is caused by the existence of the shock
on the upper surface. Tha quasi-steady span—loading distribution is shown
iz Pigure 32. Home of the coapucational mechods correlated well with the
experiusental data. The results of B-B/Y code appeared to do better than
the results cbtained from th¢ imviscid XTRAN3S and 3-B codes.

\}
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SECTICON V1
CONCLUSIONS

A high quality experimental data base ..3 been established for a
transport type zdvanced technology iring in the transonic flow regime. This
data base has been obtained for both steady and unsteady flow conditioas,
and {ncludes variations of Mach number, mesn angle of attack, pitch
oscillation frequency and mmplitude. The experimeuntal data contains a
large number of attached flow coanditions, and should be invaluable for
evalustion of current computstionsl wmethods. In addition, a limited amount
of seperated flow datsa, obtained for both steady and unstegdy conditioans,
should provide guidance in developing more versatile computational methods
ia the future.

A limited number of correlatisns between the experimeatal data and
cospuzational results have been performed. A comparison of the steady flow
vesults from the XTRAN3S and the iaviscid f&iley-hllha.us codes indicates
that, even though both codes were based on the small disturbance
assuapticns, the Bailey-Ballhaus code gives better agreement with the
experimental dats than th~ XTRAN3S code. The inclusion of boundary-layer
effects for attached flow condiciouns, although lowering the overall suction
levels, definitely improved agreement with the test data in the region
behind the 3hock.

The XTRAN3S code has a wide variety of optioms that a user can select.
Bowever, only a limjted number of options provided in the code have been
exorcised in the study reported here. A more extenaive study for the
diflerent user options available in this program, especially for unsteady
iflow analyses, needs to be performed before a move definitive assessment of
XTRAN3S code capabilities can be made. However, <*here are a few
improvements of a more basic nature that amay be desirable. These are as

follows:

1. Simpiification of the restart data file = This modificatiocn wculd zroid



2.

3.

tuz possidbility of either loading a wromg set of input data, or of
inadvertently changing data that needs to remain constant throughout on

the continuation runs.

Modification of spanwise grid imput data - This modificatica would
avoid rhe cead cf changing the grid distribution for different wings.
If an adequate grid distribut‘on is found and this grid is expressed in
termg of semi-span instead of the reference chot&, then the same data
may be used for different wings without any changes.

Inclusion of an automatic convergence criterion = At the present time
an automatic convergence criteria does not exist {n ITRAN3S.
Installation of this feature in XTRAN3S would very likely decrease the
nueber of iterations actually periformed in getting converged soluticns.
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TABLE 1. LANN WING GEOMETRY

AR V - 7.92
0.361 m
.
A 0.4
A, , 27.493°
| =4
Q
‘/\.c/4 2500
(o]
ATE 16,908
b 1.0 m
S (SEMI-SPAN) .253 m?
MAC .268 m
Q
FTwisT 4.8
t/c 12
PITCH AX!S €2.1% C_




TABLE 2. LANN WING MEASURED ORD'.NATES AT THE ROOT CHORD
Root chord n =0
Local chord = 360.£3 mm
upper side I lover side
x/e -t/e x/c -t/e x/e -z/c x/e -t rie -z/e
e ———————— — —— e ——— —_— ——
000000 0.02072 |0.87021 0.N2644 §O,N0000  ©0,.02072) 0.01765 -0.001021 2.3%998 -0.06824
N.00011 0,02468 [0.708680 0.02166 §2.00012 0,006311 0.OIRI8 ~C,00140) D. 40312 -0,.06822
0.30021 00,0292 | N.73333 0.01526 §0.00029 0,01343 | 0.01517 «0,00177{ 0.42387 -5.06543
6.00C46 0,026006 10.79293 0.009%54 B0.00030 0.01476] 0.01979 <0.00207) 0.44041 -3.06839
0.00063 0.02663 | 0,.83247 0.00361 §N.00063 0.,01434 ] 0.32047 -0,00239; 0.45038 -0,3479%
0.0N074 N.N2683 | 0.85A18 0,.00000 {fU.00087 0,052371 ) 0.02121 -0.00266] 0.49747 <1.,06709
0.00082 0.02722 [0.88211 =0.0~392 []0.000%9 5H.017.1] 0.0229% <0.00310| 0.53007 ~0.06525
D,00120 0,62787 10.91717 ~0.00939 1 0.00122 0,01.98] 0.02267 ~0.02337) 0.36330 -0,06251
0.00134 0.n2798 10.93282 —5.3:48840.00135 0.01276( 8.62333 —5.00358] 6.60232 ~0.05389
0.00204 0.0293, | 0.98323 -0.01955 ﬂn 00161 0,31228] 0,02614 <0.004N3| 0.63587 ~0,0%477
6.00297 ¢ 13089 |1.50000 -o.nzzos_‘o 00:70 0.01208! 0.02447 —n_ 00433} 5 27122 <5 52355
30,0078l Y170 0.001%4 C.,01170] 0.02645 -0.00499) 0.7G588 -u. 04304
0.004G6 0,03227 U.0021% 0,.01138} 0.02834 —0.N0578% 0,740, ~0.43990Q
0.70500 ©.03342 0.00237 0011121 0.02999 ~0.00646 ] 0,773586 -N.03487
0.06G609 0.03459 C.00247 5,01095{ 2,03192 -0.00722] 0.21117 -0.03006
0,00673 0.03%521 N.N0282 0.010514 0,03351 -0.00785] 0,834587 =0.02339
0.00753 0.03%90 0.00311 GA.0099%4 ! 0,03541 =0,008%5) n0.26314 -1,02401
0.00858 0.01%60 0.00334 0.00%374 | 0,03705 -G.00913{ 0,88042 —2.02746
~.00e52 0.0373%0 0.00383 0.00928 ) 0.63890 -3.CJ985| 0.89R810 -0.62114
G.011%0 0.0404% 0.00382 0.00902 ] 0.,040%59 =0,.01045] 0.71640 =0.02013
6.,71231 0.04019 0.00402 0.00878 | 0.04235 -0.01107] 6.932°9 -a.01972
0.01788 8.04200 N.0N4285 0.00859] 0.04608 ~0,01243] 0,.9%.04 =0.01994
0.02166 0.043%8 0.00459 0.0081%5 | 0.04943 -0.01355] 0.98629 -1.02186
0,02477 0.,04%13 0.00499 C.00773 ] 2.05294 ~0.01472{ 0,98974 «0.02222
0.02819  0.04630 0,00333 0.00740 | 0.15646 ~0.0'586 ] 0.99372 -0.0236¢
0.03%40 0.06758 0.00565 G,.00714 ] 0.9599% «¢ 01698 | 0.93699 -0,:2108
0.03930 0.048348 0.00602 0.006883 0.06]6& ~0.01803! 1.00000 -0.02342
J.03914 N.NEIIA 0.00642 (0.00633] 0.76497 =0.01909 .
0.0428% 0.03014 0.N0478  §.00%3% «‘~79S* -2.228147
0.06527 H.03089 0.00710 0.00371{ 9-87775 -0.02222
0,048 0.05147 C.00740 0.008%0: O.08485 -3,02422
N.05640 0.05265 H.00776 0.00523§ 0.09168 -0.02%05
0.06172 0.05366 0.00814 0,00688] 0.098%& -0.0279¢
0.970%53 N.N5448 0.00A32 (Q.0046! ] 0.17599 -0.02977
0,07834 0.05523 N.J088F 0.C043310.t12885 «0.03149
N,0R%03 0,05%576 .0.00916 0.00411]0.12029 =0.0332"°
0.08%7 0.0%659 C.00953 0.00382 9.12722 =0.03498
a.11279 0.08721 0.0099% 0.003321! 0.1342¢ -N.03663
N.1269% C.0%767 0.01059 (.00310] 0.1412!1 -0,03821¢
Q,14162 0,0%8012 0,01090 G.0O0285] 0.15856 =0,04203
N,17966 3,0%840 001131 3.00259 ) 0,17722 «0.04582
0.21579 0,n5819 0.01!87 (G.00235] 0.19374 - ,0¢R89
0.25%44 2,0%57%6 0.01207 00,0021t} 2,21247 «0.,0%2058 v
Q.28&13 0,0568A7 0.01243 0.00185( 0.22897 -0,nS54%9
0.32399 0.0%52 0.01272  ,6G0046 1 024773 <C,00.718
G,16076 0,0%5364 0.01310 0.0 1471 0.26472 =0,0%932
0,40012 n.0%1%7 “).0{333 C.OT120§0.,2849%% «0,56156
D.4INKR D.N4970 «11385 o.nnr101f 0,.30012 -9,06301
0.4R&36 0,0458) o.nlnz e i085 1 L3153 ~0.06440
nN.$2°%2 0,04204 0.01486 0.000451 0,33512 ~0.06557
0,87018 N.A1797 SL01568 -0.00001 | N.35216 -0 ,06452
TLAQTNAT A,.01441 DAVAL2 =0, 0002 N,34988 -0,06734%
S.ATGYA G.irhohe JL Lt’uﬁiﬁ"u “0.00066 [ 0,313788 ~0.N6797




TABLE 3. LANN WING mcASURED ORDINATES AT THE 2% SPAN STATION

Section ! n = ¢.200

Iocal) chord = 317.65 mm

apper side lower side

x/e -z/c l x/e /e Cxle - -tle x/e -t/ x/e ~1/e
r;;ﬁﬂﬂﬁﬂ

0.016991 g 4791 0.02904F 0.00060 0.01699 ] 0.02840 —€.N0856§ 0.399R5 ~0.06681
0.N0080 0.02144 1 ¢ 71651 0.02431i§ 0.00020 0.01375 |0.N2916 =N 00287 ) 0,413 -G.06391
0.0007° 0.021R7 | 0,.73358 0.n15100 0.00n€3 @.n0120310.03013 -0.00928({ 0.43448 =0,06681
3.600%6 J1.02228, 9,.79784 C.013128 0. 0n0d1 0.01159) 7.03103 =0.00964 | 0,47347 -N,06%9S
5.001%4 0.02393| 0,.81404 0.007748 5. ncro0 oa.n1107 | 0-03191 —0.00957 | 0.51441 -0.05411
0.008170 C0.02431 1| 0,.87404 0.001208 n.nn12e 29.0102210,03278 -0,010291 2,23882 —5,3568;
[a.0020¢ ©0.02506 ] 0.91421 ~0.00476 D.MNL46 0.01016 ] 0.2338C ~0.61070| 0.59506 -0.054%7
n.00231 0.02351 1 0.93548 -0.011308 0.0C188 G.00908| 0.03586 ~0.01115}0-63517 <0,0518s
0.00265  0.025°6 ] 0_a939% =0.018928 5 502067 0.0088010.03778 <0.01133 ] 0.67346 -0.04638
a.002%7 0.0255%] 1.00000 -0.01787  0.00235 0.00832)0.03979 —0.01299] 0.71408 -0.04033
0.70117  0.02663 0.00243 0.00814}0.04186 ~0.01367]0.73330 -0.063401
0.30406 0.03306 0.90277 0.00772]0.04383 -0.014335]1 0.79383 -0.02838
0.C0447 0.02845 0.0C311 0.00720]0.04579 ~0.01491|0.81346 ~5.02576
0.00516 G.02947 0.00326 0.00704]0.04787 -0.01562]0.8335? ~6.1,2322
3,00561 0,029643 ‘T.OUIRE 0.00666 ] 0.04794 -0.01631]0.43343 ~g.020%
3.60611 0.03006 0.0C384 0.00664|0.05177 =0.015679]0.87345 ~0,0189%9
0.00733 0,03143 0.00437 ©0,00973{0.0%5381 —0.01750}0.A8165 -0.314832
0.00824 0.03244 0.00464 0.00544|0.45383 -0.01813| 0.28980 -0.0177¢
0.008%56 0.03274 0.60510 0.00<88)|0.,05789 ~0.01874 | 0.89764 -1, 01713
£.00837 0.0.35v | 2.00338 §.3847310.05576 ~C.51F3Z ] C.FG333 ~0.G1664
2.00%76 0.03372 0.00549 0.00429{0.06189 ~0.n294310.21336 <3.01634
0.91063 0.03446 0.060627 §.00366] n.n638S =~0.02051]0.92139 ~0.01806
0.91.14 0.03351 0.00643 ©.00332) 0.16608 ~0.02117]0.92%964 -0,015k¢
0.0i378 0,01642 0.00701 0.00292|0.0&6783 ~0.02.167|C.93732 -0.0157%
0.01h1% T.13789 0.09724 0,00271{0.0n985 ~0.02224) 0.94338 <0.L1579
0.01782 9.,07849 0.0077T2 €,00228]0.07180 =0.02273] 0.93337 ~0,51587
.Q1642 0,07%45 0.00827 0.00180{0.07399 =1.02339{0.56145 =3,01603
La.02131 06.040128 0.37368 0.00(51 | 0.67778 -0.02644) 9.96959 -0,01632
0.22240 C.04084 6.00%05 0,00128]|0.082y3 =0.02535)0.97739 —0.01671
C.02348 0,0413° 0.00947 0,00089({0.08585 -0.02555}0.98537 ~G.c1730
a.0258¢ a.8482148 £ 0.00980 0.0%068] 0.05013 ~N.N2T765] 0.98%0 ~0.01754
0.72976 0D.04344 ¥ 0.01065 n.06201|0.09353 -0.02853]0.99343 -0.011800
0.02390 2,046/ 0.01131 -0,.00040| 0.09799 -2.02982| 0.99735 ~g.01R33
ConAlaL 0.04421 0.01212 ~0.0009S{0.13181 ~0.03G&7 L.30308 -G . 3135%
0.04998  0.04463 B.01.33 ~N,00144)0.10612 -L.631353
D.N%8%12 0,08015% 0.0137s ~,30190{ 0.11010 -0.03246
006581 0.731L30 0.01429 ~0,0022110.1i376 -L.03331
6.07333 0.a5230 0. 1339 -0.00282] 0.12226 ~0.03526
0.0942¢ 0.n3413 8.01618 -0.00324 ] 3.13003 -0.03698
0.11333  C.09344 0.016%6 ~0.0G3%9| 8.13792 —-0.02265
0.15487  0.09637 0.01780 =C.004001 0.14391 ~0.04037
ia.zana 8.05763 9.01887 -0.00448] 2.15395 -9.04202
5.21695  0.337K5 0.01939 ~0.0C473; 0,17559 =~0.04553
0.27%37 0.05717 0,02019 =0.00577] 0.19497 =0.04954
0.31752 0.0%613 G.02116 -0,00560] 0.21414 =2.,05250
9.35529  0.05485 0.02197 -0,005%5] 0.23417 -0,05325
0.34568 n.ns:ns( 6.01261 <0.0N0617]0.25386 —0.05771
0.43402 0.65110 0.32340 -0.,00645] ©.27470 =0,06000
0.477%9 .7 :833 0.02424 <0.00688 ] 0.29386 0,677
0.%1703  T.04348 ! 2.574%A -0 .0NT720) 0.71395 ~ .N6361
N.554RL  N.N4228 2.62%74 -g.007521 013450 0.08453
0,5968h O.N3IRTS DTS «0.N0TR) 038411 ~0.DRSET
N,63420 0.03434 0.02746 <0,a0820 ] 5.17371 ~A.96622




TABLE 4. LANN WING MEASURED ORDINATES AT THE 32.5% SPAN STATION

Section 2

1 =0.35

ocal chord = 25C.T1 mm

upper 3ide lower side
-

x/e /e x/e -z/e x/e -t/e x/e -« /e x/e -z/e
0,30000 0.01168] 0.07153 0.04993 J0.00000 0.01168 | 0.02818 —0.GL116]0.77772 -g.02823
0.0001% 0.01245) 0.07602 0,.0%048 § 0.00018 0.0109C [ 0.03010 -0.01191 [0.80290 —0,02476
S.aN031 0.013%%1 0.99870 (0.03269 § 0.00043 0.00986 {0.07250 -0,01279 )0.82381 -0.92201
0.0N04S 0.01A6L | 0.12118 0,05426 §0.,0006S 0,00931 [0.03456 —0.01348 10 248:0 o2 2:2:2
2.20044 25316637 3.13185 UNTSTA F0.00101 0.00832 |0.03673 ~0.0:428}0.25632 ~0.01716
6.00090 0,013 . 18391 0.9%622 § 0.00124 Q.00769 §0.CI8% ~0.01513 |0.88439 -0.01569
0.00122 001964 ] 0,.18573 0.054684 8000178 0. 00657 1004115 -G 31589 G.5G835 ~0.01432
0,723146 0.01980] 0.2079% 0.05721 §o0.002i5 0,00%91 |0.04329 -0.016359 {6,9279¢ -0.01358
0.00197 0.02121]0.25206 0,08744 §0.00231 Q.00871 [0.04552 ~0.01732]0.92718 -0.9; 346
f.00202 0.021331 0.29941 0.05688 § n.00259 0.00521 [0.C4777 ~0.01802{0.9013% ~-0.0114$
2.00213 Q.0121431 9.34086 0.03588 F 0.00293 0.0049%6 {0.74996 —0.01568 {0.935000 ~0.0:!150
0.00266 0.02278] 0.304489 0.05441 § 0.0027° 0.00419 {0.05220 ~0.01933 {0.95865 -C.N136S
A.n0296 0.0233110.42814 0. 03233 30,0011 2.20428 15 35335 ~5.5i5%% {0.96722 -0.01391
g.q01i8 0.02357{ 0.4716% 0,.05020 ] 0.00385 0.0038% |0.05884 -0.0212910.9761N —0.N!432
0.00353 8.02424}0.51395 0.04741 § 0.0C412 0.00312 |0.0A334 ~0.02254 [0,984839 -0.0149)
0.00389 0.02440 | 0.55782 0.043983 J 0.n0440 0,00292 {0.06762 —0.02373 [0.99363 —0.a187S
Y.CN423 0.02520{ 0.60344 0.NI%E6 [ 0.00469 0.00266 [G.071A7 ~0.N2440 {0.99796 -0.018620
0.00446 0.02%47]0.64428 06.01344 1 0.00488 G.00249 10.07627 08,3288, 1: 50808 G .ALGRI
$.A5477 GI0I35 1 0.69276 0.03014 J 0.00324 0,00190 {0.08051 =0.02711
0.0052% 0.32652{ 0.7724% 0.023135 ]} 0.00570 0.00139 [D.08572 —0.02851
0.49562 1.62694 | 9.77%%1 0.01934 § 0.0060% O0.001C8 {0.08926 -Q.02925
6.0089; 0.9271312,.82141 a.81275f 0.0063& C.H0086 [0.0936% ~0.03030
0.00854 C€.A2787 {0, 24205 0.00633 | 0.00662 C.n0054 [0.09791 -0.03129
A.034¢ 0,72822 | 6.904Y7 -0,00039 § 0.007Q2 0.00012 {0.10243 -0,03232
0.8C733 0.N2882 1 0.990¢ «0,07779 [ 0.00731 «1.,00032 [0.11145 -€.N3433
0.40777 2.02921 | 0.99507 N, 01450 § £.0079 <3,00073 10.11973 ~0.036!S
6.0NR37 0.02%7S | 1.00000 -0.01325 § 0.00834 «1.,00105 [Q. 11874 ~6.03803
0.0087% a,03002 0.00877 <0,00140 |0.1376% ~G.03992
4.00951 0.03673 0.00920 «1.N0172 [0.14593 -0 04158} °
0.n09¢3 0.n3108 0.00973 -«4.008213 {0.15-76 ~0.0&328
0.01034 0.0312e 0.01055 ~0.002Z71 {0.16345 =0.C4a90
6.01635 0.03173 0.0i144 -0.00530 {0.17234 ~0.0465!

291183 8.8321% G110 -0.Cc0337 10.1A32¢6 -0.0480L
0.91193 0.4323% 0.01235 -0.0038S {0.20704 ~0.C5201
0.,01281 0.03311 0.N1281 -0,00412 |0,22%1% -0 08437
3.01174 6.03382 0.£0.2% -0.00435 }0.25060 -0.057%7
C.01459 u.034l1 0.01362 =0.00449 J0.2726% ~0.65984
0.01578 €.0348¢ 4,01410 -0,00471 |0.29472 <0,0617S
6.616%9 0.0335.7 w.01446 ~0.004%9 |6.11643 -0,06123
DAL762 0,03I582 N,0..87 =0,00514 (. 331870 «N.N64&4]
0.01833 5.N3624 0.31582 ~N.0N%64 J0.31602] ~0,0652¢
¢.01966 0.03686 08.01667 <0.6A€L1 [0.38236 =0.06591
1.02233 0.03807 0.017%8 <0.n0654 12,.39994 ~a.0k618
0.024N8 0.0IA74 O.01R44 ~0,006A8 -, 42124 ~q . NEEIR
0.02707 0.03%90 0.11324 -0.a0737 §3.4268¢ -0.066123
6.01002 a.,04002 + 2906 = ,7077% [0.47389 ~0.C6501
3.03407 N.04214 0.02101 -9.00825 {0.51291 -0.N06304
a.01901 2,04371 0.72210 -0.60872 {0.35761 -0, 08311
D,046320 0N,.044480 0.02200 ~3.00910 [0.800R2 -0, 05i64
.l A04 D,OFS1L 0.N23IR4 -0.0N%6& |0, “45RF < . N"AS
N,08437 0,.0432 0.025%7 ~0.01008 [C.68%72 0,042 7
0,76076 N.04x29 0.02445 =-0,01081 | 7. 1966 ~0.02733
A,M707 0. 24920 S,32718 —q.ai88a i&;?'}i?.é -3.03179 i
J




TABLE 3.

Sectict 3

a = C.373

local cherd = (S8.C6 =

LANN WING MEASURED CRDINAIZS AT THE 47.5:6 SPAN STATION

upper side lower side
x/e -</e xie -/e x/e -’e _I x/ie -tie x/€ “tic

= TE—
0.70000 0.01001 | 0.02822 0.03617 § 0.00000 O0.01001 {0.042% <C.020%8[0_91418 -1.01008
n.nan0Y 0.01043 ] 0.03114 0.03717 § 0.70008 O0.00538% }0.C*<<. <0.02130 |0.%1428 —:,N09%A)
0.00019 O.G1)08 ] 0,813 0.03784 § 0.00018 0.0051S [ d.N&. %0 3 .206}0.94849 =0.N0874
n,500%3 A.01281 | 6.01%46 0.03863 § 0.000c8 0.003% [0.050L% -2.02273 | 0. 96149 —04.51006
A NNARE A ALLEE 8 23R%ST 3.53%37 3 GLOGGRF G.BG303 T.05318 -N.0234910,.94965 -0.N1042
2.00133 A.01%8% 1 90,0408 0.0402% § G.N0100 0.00282 |0.05788 a,n247710.87746 ~0.0108y
0.0014A6 N.DIG3IB | 8. 04347 ¢.04095 R 0.00143 N.N020T [0.0627¢ -0.02548% 12,9124 -8.5:123
[R.0G26& 000741 1 0.0464F 0,04176 § 0.00177 0.001A2 |0.66792 —0.N2734[0.98728 —1,01169
0.00229 0.01784 | 0 .04AR6 0.04227 0.00210 0.00083 |0.Q72R] <0 . N2851 1 0.$9289 -0,.N1224
0.00247 0.01835 | 0,0%101 0.04276 § 0.90253 0.09014 |0.07745 -0.02963[0.99%8% . 01258
0.0G313 0.01933 | 9,05309 0.04321 § 0.00275 <0.00002 ;0.08323 -0.03098}1.60400 —0.3i184
f.003Y8 0.01%41 | 9,293520 06.04355 | C.00328 -0.00078 |0.0R724 -0.C3188

C.072R4 0.02011 | . 0%é46 0.04392 § 0.003s8 —n_ap0en [0 N85 . n21n2

[0.00438 a.0210% 1 g5, a577T¢ g.0aal6 § 0.n039r —0.00130 |0.09715 -9.a3402

0.00476¢ G.02150 ) 0.06279 0.045121 § 0.00429 —g.00192 {0.10213 -a.n3307

0.004% 0.02164 | g ,047427 0.04592 ]| 0.0066% -1 080217 |0.10725 -0.03613

Q.50533 ©.02207 ) 9,37253 0.04670 § 6.0052% <g.a0284 {C-1169C -5.al807

7.10%6Y 0.0214) | 0.0774% 0.8673% § 0.nn3eq -a.a017¢ |0-12874 -0 03999

S.A881% 2.833:2; 5.08737 0.04801 0.0061S =0.00386 |S.13630 -g.nél8s

0.00657 0.02139 ) 0.08770 0.04975 § 0,0064é ~0.0C412 §0.1461% ~0.043646

0.006°8 0.023%2 | 0.106L& 0.0%506%5 J 0.00CS~ ¢ Q8&CA 10.1362% =2.845¢0

0.00723 0.02407 | ¢,1170% 8.89137 $ 3.0071s ~C. 8048 (518622 —G.047TS

0,007 0.02469-1 g 11658 0.05228 § 0.00770 «0.80%31 |0.17611 -G.04866

0.0n821 0.31322 1 0.1%216 0.05387 § 0.0C81S —4.60363 {0.1838% ~8.07013

c.TTeSY 0.A2352 ) g, 17651 0.07499 § 0.00861 -0.00600 |0.19641 =0.0%163

0.70%0t 1.02333 1 g 20061 0.A538%5 § 0.00%7 ~0.096335 {0.20584 -0.05289 |

0.00951 0.02838 {4 273548 3.03640 F 5.06963 -0.rQ67Y (221321 =1.4%407

0.00964 0.D2644 1 0 25834 0.05683 § 0.91011 =g.00702 |0.22573 -0.05533

€..1006 0.02672:0,31238 0.0% > } 6.0106% ~5.0074] |8.25008 —0.a37¢%

0.01048 C.NI730 12 .377.8 0.0737Y 8 0. C1113 ~¢.00769 |[8.2746. —5.060120

B.011LY C.82761 [ 0. a2746 A.NS&LB § 0.01155 ~A.00793 |B.29RRE =0.06197

0.01105 a.02819% | 3. 4798S 0.7 "0t § 0.0124% -0 .naE4a8 (O-32341 —0.N6334

€.01251 0N.02838 1 0,.52:187 2. 238 25 51355 -G.a04a1 (S34R% —N.GRLA3T

0.01324 0,029 LT8O g.te320 ‘l'hﬂ’_lS‘ ~0.009SL JN.ITL0. 0. N64SS

N.NTIRL A.A2%87 € RIAET C.04T2% Y 5 0S40 -0.00890 [0.19978 ~0.06522

A.01442 a.N28R8 [ G TINY a.03638 I 0.01642 —g. 01040 |2 42228 =1.a€207

0.01492 €.41007 | 9., 1829 0.03122 § 0.0173¢ -A.81084s [D.44635 —0.06452

0.01%46 0.03040 [ 0.°7926& 0.024T4 F g _Q1RAYL ~0.01:15 |0.67114 —0.0636i

0.21401 2.,23376 {2 81817 3.01771 Fo.n1950-—a.n1147 [0.49612 =1.206232

G.016%0  A.0%083 } 0 8649 0.01053 f 0,02041 ~Q.N1230 [M.S204. =5._06061

G.01687 A...3,.9 | 0.91586 2.,00128 § 0.02144 «3.01282 [0.35624 ~C.0STT

B.AL745 0.CI155 1 3,928%4 0.00000 § 0.n2235 —a.c112l 12.58729 —a.ns3iTd

A.0LR00 0.A31AT | £, 88429 -N.003946 3 i) 01342 .01 288 JC.A2717 =0.34938

Q.01844 N.AT204 | 1 0000 G.GLLE6S  6.02434 -n.01405 |3.55092 =0 044Ta

n.atesa A Nn3156 0.32%37 =N Ni4ad (N.68218 —5.51987 i

T.ALCIA D.03292 0.02659 0. 01487 §{2.71732 -n,n3438

2.42119 0.03341 0.62732 =1.01317 |A.75CAY =0, n1ASY

n.02227 0.0238% N.OIRE] = .N15%6 [C.T6832 =0 .625%9

9.02318 0.03426 0.61079 —g.QUS4L (A.T9ILT —1,0225%

A48 a.07EkS 0.NI31R «3,.ni 15 }0.2158F ~A,a101¢

a.1225¢3  0.01%18 0.71941 —9.1140, [0.84046 -z O147]

a.e" "7 q.83%%52 B.0M10 «n.0:304 [0.7K42Y —0 .01 24A |

[P A | n,13%87 N.0LhEd 4,878 10 RAQLAK -C..‘.-Z'.ZQY J




TABLE é.

Sectiocn &

n = 0.658

Local chord = 220.25 =

LANN WING MEASURED ORDINATES AT THE 65.0% SPAN STATION

~ AEDOC 0.00275 [ 0.05984 0.0400R § 0.00000 0.00273)0.07031 «0.43173 | 0.%98140 -A.00322
a.0006% 0.00348 | 0.A06325 0.04078 § 0.00620 <.00197 [ 0.07105 <1,63232[0.98492 -0.00373
0.00011 0.A0514 [0.06674 0.04145 § 0.0003) ~3.00086} 0.07589 —9_r32¢1 | 0.99282 -0,0044$
f.000%S O0.N06X% 10.A7026 Nn.04213 § 0.6C08; =0.00.76}0.07891 -2 _a1183i0.99814 <o 88413
1.0002Y A AATER 15 7% $.54317 § 6.20134 <2.00315 | 2.00170 -0.g%sag | 1.0000a ~a.20513
€.a012° A.00891 {0,.08130 0.04409 § 0.001%5¢ ~0.00335 | 0.08744 -@.01521
£.00:a% a.Na9S7 [C,AR739 0.04300 § 0.00191 <0 20417 ) 3.5%9336 ~g.03634
G. T 1A& 0.061009 10.09)78 0.04389 0.0322% -0.00482]0.099812 -a.03739
0.002031 0.01094 10.09924 0.04463 § 0.00241 -0.00532[0.10473 —0.03843
0.002% 0.01137 {0.10%15 0.04739 § 0.0029% —£.00%567 | G.110%3 -9.03%46
0.00263 0.01207 10.11076 6.24808 ] 0.00330 -0.00639 | 0.11652 —0.04048
a.n0310 O0.01286 ;0.i2208 Q.04933 § 0.00371 ~0.006%7 ] 0.12232 -0.04147
0.003A8 0.01346 {0.13399 0.03038 8 A, nnazs & 28713 5 12815 ~g.5a245
A4.00401 @.01614 [2.14592 0.05161 ] 0.00447 —9.00729{0,.11368 ~0.0&112
0.204527 0.81682 {C.15730 0.03525Y § 0.%049% ~0.N078410.14002 ~0.04413]
0.00493 0.013509 [0.168°¢ @.23335 § 0.003%41 ~0.006844 ] 0.15122 -0.04605
0.0655% 0.31562 [8.17965 0.0%¢04 § 0.00587 ~0.00084 | 0,16730 ~0.04770
0.00615 0.01649 [O0.19'36 0.0%474 C.06628 —0,00913 ! 2 17448 -3 . 3423%
2,8065% f.Ci7I0 j6.22137% ©.05432 J 0.0066R -0 0095: )G, 18573 ~g.03078
0.00730 @.01814 !0.167%4 0.48%763 8 0.00721 0. 00999 |0.14711 ~0.05116
0.50787 @.01271 (6.29138 8.35812 § C.00766 «0.0104] [6.2089) ~0.05144
aG.00831 A, ale1) 1o 31488 ¢.85835 § 6.0GREL —9.611000.22014 1.0%54857 }.
0.CA8¢8 8.9197% 0.3all! 0.75846 § 0.06GRTY 3,014 (6,22977 -a.09%14
8.00%7 0.0303% {4.3700¢ n0.0%°€59 § 0.00917 -a.01174{0.25473 ~0.057%9%
0.01037 0.02093 {0.359920 0.05810 f 0.00985 -4 01222 :0.22349 -0.2533%3
Q. ALA%C € 51143 §£_£203) 0.857%8 § 0.01035 —0.012%4 [0,11243 =~0.740%!
0.0LIS4 Q.021RS 10.43791 6.05604 J 0.0102%5 —0.01286 [56.34i20 ~0.06.78
0.n7220 ©.02236 [N.48610 @.05SES § 0.01146 -0,.Nn1320)0.37024 ~0.0621¢
£.N1282 0,02281 J0.S1407 € .0%462 £ 8.01231 —A.0137C]0.19992 -0.06215
0.01142 @.02723 |6.5428% 0.08319 J 9.01301 -a.a140410_42761 =0.261%7
a.N1430 0.A2381 J0.572C 0.05143 JONIVEY —p N1431J0. 45443 =0.06068
08.6153% 0.0243% [05.50050 0.04956 § 3.07478 0. 01497 {0.48548 ~0.05878
0.01661 a,32317 10.£293¢ a,85788 3 S.8138% A.81547 9. 54662 ~0.05179
6.01765 0.02568 [0.6%%15 0.04%01 § 0.01719% —0.0166S }0.57714 ~0.04918
C.0OLARE 0.02637 [0.6869%7 0.04231 § 0.G1R33 -4, 014664 )10 .6a718 ~0.04439
0.01997 ©.02697 |0.71647 0.03931 §0.01958 ~0.01¢88 g 5,797 «0.04172
2.02115 0.02739% {n..4%24 a6.036i9 § 0.02063 <0.01733(0.635825 ~0.02682
0.0229 0.02821 {0.750€3 ¢.a3557 § 3.02183 ~¢c.01801 jo. 44714 -0.0320%
0.03345 2.02877 j0.73348 0.034i7 § 002298 5. 4848 |, r14°: -0,.027112
0.034%8 2,72924 10.77376 ©.03219 J 082817 0. 01894 [g,.7447S «0.02232
a.0571 0.02579 o.8a270 o.02816 § 0.02693 0. .n1993 1, cepnec n_0z1312
8.02748 0.01050 {n.83148 a.n23%0 § 0.CT981 ~0.G2090 | r93°) »0.02045
¢.02%26 0.03118 {0, 86045 a.n1%24 [ 0-03262 -0 50183 (9.77560 ~0.01746
3.01093 a.03185 [0.8905% 0.01424 J 003830 ~0.22373 |45 ga141 -n.01302
0.032h4 0.03243 JC.%1RS3 a.ace7a FC.04L46 5.02670 14 py135 -0.00811
C.ATAIR ,A1104 |0.9:933 n.0079¢ JODAIES 5.02552 1y wgn1e -a.27SA2
7.031577 @.03354 [0.94007 n nceok §O.OTIE 9,07 .29 1 saa6r 0328
n.01488 a,nteés [0.99210 2,006z §A.05C1C 05.02772 00 @1197 -0.00193
0.04248 0.01574 [0.96343 a,00232 J0.95546 0. 01846 10 97378 -5,C0150
0L 4K0T7 6,03871 |a.97624 a.n001s §O.CI0L -0.12919% |n 9154 -3.n0103
A NL%42 £.R1TAT 10 MRS =0 00157 F L0858 N 2878 |4 04840 ~1.00157
€0.052%0 A,028%52 | i.M00A0 —0 aal82 JO.0842 -0 c0S: 17-95834 —n aniTa|
A.NS410  a.alels N ORTIL LD iA L gRRRE ~0.70274 1

{ i { i

B




TABLE 7. LANN WING MEASUREDC CORDINATES AT THE 82.5% SPAN STATION

Section 5 n = C.82%
Local chord = 182.35 ma

lower sida

x/e -1/e x/c -t/c

0.00600 -q.00585} 0.03110 0.03178 10.78232 0.24337 $0.00000 -0.00383)9 97537 =0.03829
0.00010 -0.and0] | 0.05241 0.03217 16,1723 ¢.02280 [ 0.00032 ~1.010491 4 n7884 ~-0.0288S
a.00677 -4.00120]0.05376 0.03253 | 0 23739 o0.c-329 J0.00111 -0.01185]| 0 nakze -0.03996
0.00145 3.00132{0.09519 0.03293 [ 0,88¢90 0.0277¢ 2 0.00182 =0.01293]g.ne264 =-0.N4092
N.7.164  0,00180 | 0.03536 0.03322 {0.92244 0.02139 J0.00230 -0.011361 4 asese -0.0419:
2.09244  3,08341 { S.A%798 0.33357 10.94248 0.61812 J0.00312 =0.01447 i, 10653 ~0.04286
0.00293 0.0043% | 0.0613%1 n,0344L {0,93¢49 0,01359 J 0.00J8é ~0.01515 0.11373 ~0.04181
0.00134 0.n0486 | 0.06492 0,03%30 [0.97038 2,0131¢ §0.40i18 ~A.01573({4,12071 ~0.04475
6.a0404  0,00384 | 0.06834 0.03611 [ 0.28427 0.01068 §0,00462 -0.01620 g ;12701 -0.0436]
0.00461 2.00439 | 0.07040 8.03437 |0,.99¢12 0.00818 §0.00854 -1.01717 | 0.14173 -0.04729
n.n0SI8 6,00737,0.07332 0.83721 {1,00000 0.00788 [ 0.00609 ~C.01765{ g 15517 <-0.04324
0.a0864 1n.007%0 | 0.07603 g.0370 0.00680 -N.018210.17034 -0.03040
0.00685 0,.00846 K N.N7TA8Y 0.51838 0.00743 =0.01879% ) 183%6 -0.05155%
0.720.5% a.009%49 ] 0.08218 0.03%¢ G.00809 ~U. 019311 9,19040 -0.0%222
J.0077¢  a6,00977 | 2.08569 0.03973 0.00896 -0.019%C 1 g 223533 -0.03480
t6.00770 ¢.01027 | G-08°17 0.04a38 0.00%44 =0.02010) g.7¢004 —0.05671
0.00833 J.01093 | 9.09274 06.04103 Q.01017 ~0.0207¢1 a,.,431 ~0.05799
£.02%% 0©0.01186 | 9.0%6¢12 0.04100 0.01109 -7.02130] 3. 12e¢7 =-0.0586%
2.00983 a.n1233( 3-0%960 3.04221 0.0%113 ~8.02131 i 5 384c4 ~0.05871
€.0:039 a.,01237 | 6.18313 @.04282 6.01170 -0.02i51 ) g 39878 <0.05814
a.01.i4 ©,013358}0..1n633 0,04234 0.01230 ~0.02190 | 5. 43449 -0.05558
6.01176 o.0d401 ] 0.11€13 8.04389 0.01279 -0.02213) ¢ ,qa6c -0.n%5:i82
{3.8125Y 0.01467 ] 0.11332 2.04440 0.01330 -0.02247| g 50425 -0.05151
0.n1136 0.81%20 | 0.12094 0.04348 0.01397 -0.02282 | ¢ 53950 -0.04744
0.0140&4 0.31568 | v.12859 0.04653 0.01478 ~0.023231 9 .57338 -0.04272
A.0145% 0.0161) | 0.13461 2.04729 0.01%41 =0.02347 | 0,.6083¢ =-0.53707
0.01930 n 01438 | 0.14131 0.04817 0.014624 ~0.02390 {0 64273 ~0.033%¢
A.01A19 o np71e ( 0.14839 0.048%7 0.01732 =N, 0244610 47786 -0.02450
0.0(587 a.0175¢ [ 3.19530 0.04878 C.01915 ~0.01316[0,71249 ~0.01823
6.01781 o0.01798 ] 0.18289 0.830%53 0.02024 ~0.02355%}9,74031 ~6.0131S
0.0.907 o0.01891 | 0.16%28 0.03122 0.02176 ~0.02817 | 9.76950 -0.00820
n.32030 o©.n1¢¢3 | 0.18338 0.032%7 6.02300 ~0.02665 [ 79644 =-0.0037$
A6 0.02046 | 2.19738 0.05377 0.02439 ~0.02713]9.821396 0.0002%
0.222%7 2.82:08 1 C0.21166 2.8348% 0.02381 -0.0273 | 0.8517% 0.00382
0.07414 8.0217% {0.21545 €.03388 0.027331-0.17279! 0.88078 0.00660
A.N1664 ©6,022%7 | 0.15917 0.03677 0.02871 <0.02833! 3. 89456 0,097%9
0.12739 §.0231L { 0.33334 J.u3760 68.03014 -0.028751 05,8087 0.3C83.
a.02834 0,02373 | 6.26491 G.03830 0.03131 ~0.0272059.92202 ©0.008%0
Q.03630 0.6244%% 1 0.28101 9.058%7 01.03275 ~0.02957{3.91570 Q.0GSGS
0.0%i:4 0.,024%2 | 0.2964. 0.0595S C.0%440 ~0.02981 (53 94944 0.00898
0.7128%  6.02532 | 6.13001 0.16074 0.03587 =0.03042[0.96331 €.008%2
G.01427 8.02606 | 0.36483 08132 0.03719 -N.01081}1a.97755 0.00787
0.035%2 0.02635% {0.39923 0.0€[94 0.01872 -0.0311959.69.22 0.0G470
0.13697 4 .g271t | 0.4238% 0.06211 0.04044 ~0.011621 5,99816 6.00602
a.03829 0.02753 | 0.4490) 0.08200 0.04399 ~0.032371 | ,ancae 0.20%as
c.N3881 a A2810 | 6.50392 Nn,06153 0.04736 =0,03312

0.0413% a.n2871 | 0.93851 0.06067 0.05094 -0.0339%0

A.046256 0.N291) } 0.STI6Y 0,35941 0.05437 «0.03453

0.04405% n,02062 | N.40817 €.057360 0.0%7%¢ ~0,013523

0.04546 0,01008 | 2.44295 ©,0340¢ 9.0€6132 -0.03588

A.A4A87 £ 01051 JBTTITH 6.08377 0.06477 ~0.N03643

N,N4R'9 0.01nAs | B.713% 03,2309 ANAR4L 0LA3T71L

N,i149%8 ,a3111 | 2.747%4 0.0477] n1.07210 =1.03773

x=



TABLE 8. LANN WING MEASURED ORDINATES AT THE 95% SPAN STATION

Section 6 =n = C.950
Local chord = 155.34 mm .

0.00000 -0.01515] 0,09207 0.93390 | 0.00000 <0.01514 |0.07407 -0.74529
0.00047 -0.01281 | 0,10630 0.03734 § 0.00043 ~0,01753 10.08148 -0.04616
N.00119 ~0.01062 ] 0,11448 0.03916 | 0.06129 ~6.01992 [ 0.0897¢ -4.0470¢
8.48137 -0.71863 1 a.12254 0.04056 § 0.00186 ~0.02119 [0.09908 -0.04789
1.00182 -0.00842 | 0.13062 0.04193 § 0.00244 -0.0221%|9.10679 -0.04873
0.00227 ~0.80733] 0.1389% 0.04331 8 0.00298 <0.02312 [3.1143f -0.04940
G.00280 ~0.00430 { 0. L4711 G.044535 I N.03371 ~G.0240% 0.122%2 -0.0%012
0.00319 -0.00361 | 0.15598 0.04586 F 0.00423 <0.02463 |[g,1307S -0.05079
0.00397 -0.00523} 0.16342 0.04688 ] 0.0047¢ -0.02520 }0.14%00 -0.05218
0.00433 <0.00368 ] 0.17:53 0.04799 § 0.60331 -0.02570 [0.1649¢ <0.0532%
0.00323 ~0.00270 1 0.18843 0.03003 ] 0.00572 -0.02602 {0.17939 -0.n3421
0.00381 -0.002041 9. 20829 0.0%181 £0.00628 —2.228%1 15,i5246 -0.05491
0.00636 —.00180 | 0,27084 0.nS35s ] 0.00697 —0.02709 {4.26647 -0.65558
2.00697 ~0.00146 0,23699 a.08507 § 0.00784 -0.02737 0.22050 <0.0561S
0.00794 -0.00049 | 3,25344 0.03651 | 0.00824 -0.02794 10,23320 -0.05710
0.0CA63 0.00008 | 0.27063 o.03787 J 0.000A% <0.02842 }0.28619 ~¢.0%757
0.00924 0.00155{ 0,30637 0.03898 § 0.00%61 . 0288 1o, 21882 —n_at76s
C.61011 6.00257 | 0.30307 o.06089 ] 0.21043 -0.02947 |0,35174 -0.08733
0.01073 0.00319 ] 0.31915 0,06103 ] 0.-01123 <6.02991 !6.3845% -0.95440
J.01148 ©.00383 | 0.33543 0.06191 §0.01210 <0.03041 {0,39957 -5.9%378
0.01196  “.00827 f 0 34818 0.06345 f 0.01277 <0.03072 [0.41675 -0.0%488
0.01235 '0.00481 [ 0.406849 0.06462 § 0.01342 <0,03092 10.435809 -9.05201
0.01313 0.0032710.41374 0.0635¢ § 0.01423 -0,03133 10 49358 -9 04809
9.01392 0.00590 } 0.46591 0.0661¢ J 0.01504 -0.03190 19.53977 -0 .~4248
0.01437 0,00640 | 0.49876 0.06647 §0.01602 <0.03234 {0.52603 —0.01439
0.01546 0.00703 | 0.5318Y 0.06647 £ 0.01679 <0.13267 |g,6199¢ -0.02860
0.01627 0.00747 | 3,354828 0.06441 J 0-01766 <0.03305 } 4 c6283 -0.02024
9.01796 0.00833 | 0.36469 0.0662% § 2.31833 ~0.03336 |9.79479 -a.01187
0.01937 0.00%30 | 0,58054 0.06608 § 0.01897 <0.93335 | 9.74429 -0.00427
0.02099 a.001055 ] 0.41373 0.08534  0.01979 —0.03380 0.776%54 0.00232
0.n2264 0.811331 0.4458) 0.06428 § 0.02073 -0.03403 | 0.80921 0.00755
2.02447 A,01388 1 3 £7530 (.56273  O.02176 <0.03404 [g,84198 0.01200
0.02814 0.01331 ] 9.71190 0.06073 §0.02304 «¢.03400 0,874A7T3 §.01540
0.027686 0.01431] 0,74465 0.05815 § 0.02400 —0,03498 {5,20765 a.017%}
0.03%14 0.01487 1 0.77690 0.035483 §0.02464 <0.03338}{7.52373 c.01%05
0.03101 0.a1585 | 0.810727 9.05054 J 0.02536 -0.03604 | 9.93217 6.0121$
0.Q3276 0.01854 {0, 22703 0.04810 § 0.02787 <0.03674 | 0.94004 0.01815
0.03425 0.01726 | 0.84233 0.0436¢7 §0.02998 <0.01731 { 0, 94815 o.01808
0.03623 O.GI814 ] 0 85886 0.04294 ] 0.063131 <0.01787 0.9569S n.01794
0.03751 0.0i888 !0 875435 0,0400% J 0.03258 -9.03823 | 9.96465 0.01766
0.03930 0.01942 1 0.89123 0,63749 § 0.03429 ~0.03869 | ¢, 97271 o0.01723
0.n4094 0.02012 ] 0,90790 0.n3461 J 0.NAI3% -0.0n1%06 0.9R8126 A.01G6S
0.74680 0.02135 } 0,92432 3.03145 §0.03739 w0.03040 | 0.2g968 ©.51593
0.04912 0.0230810.94028 0,02880 y 0.03942 =0.04005 | 1,00000 0a.31498
0.05293 0.02434 | 0,9569% 0,02%48 §0.06183 —n.n4932
D.NS723 C.02377 1 0,96503 0.02422 § 0.16399 ~0.n40s!
0.06i27 0.02682 10,9732 0.02385 § N.04745 =0 . 04]53
0.06329 D.02787 1 0_98130 0.n2212% §0.05048 <a.né197
006937 N.02%11 | 0. 98978 n,01968 R 0,059 —9.n462%12
N.N7389 0.a363L J¢.21756 g.0i816 B 0.08730 ~n.04304
0.08137 5.03224 | 1,0000a 0.01762 g 0.706114 «0.04359
8.08%44 0.0312e D.08312 -0 04417
N.0R%TY 1.,03420 D L8948 -, 04474




TABLE 9. LANN WINCG MEASURED ORDINATES AT THE TIP CHORD

Tip sactioz n = 1.0
Local chord = 144,45 ma

0,.30000 ~0.02163 {0.09960 0.01237 § 0.00000 <0.02163)] 0.17% & -0.0%%66
0.00070 -0.01802 10.10833 0.03436 § 0.000351 <0.02379{ G.19833 -0,0%634
0.0013% -0,01421 1A.11739 0.036497 6.0012% <0.02641 ) 0.12271 -0.0%696
0.00163 -0.015332 10.12643 O0.03303 F C.00184 -0.32770] 0.26678 -0.0874%
0.00229 =0.01400 [0,11480 0.0396¢2 ] 0.00230 ~0.06287%} 0.71064 —0.03729
0.00248 -A.N1128 19 14415 S.881258 0.00299 -0.N2954 | 0.35566 -0.N86122
9.00320 -0.0121% [0,13251 0,.04266 § 0.00357 -9.n3023) 0.19981 -0.054i46
0.0017° ~0.01103 10.16764 Q04414 3 0.00428 -5 AIN07 ! 0,44283 -G A5117
Q00457 000938 [0, 17015 0Q.06544 8 0.004687 <0.03157 ] 0.486%58 =0.04674
0.00%3 ~0.00884 |C_ 17977 0.04681 § 0.00535 -0.03199| 0.33111 -0.04C280
0.093% -A.00747 |0,19633 O0.04204 § 0.00596 -0.03236| 0.5749% «0.03341
0.00640 -0,00693 [0.21404 9.0%124 § 0.0062) -0.N3253] 0.61844 ~0,.02498
0.00760 -0.0034) [0.23169 0.035323§ 0.0065, -0,03296| 0.46244 «0.01402
0.N0A18 ~0.00501 [0,.25012 0.033513 30.00770 —n n2378! & 28448 5 35716
0.00913 «£.00371 10.26711 0.0%367¢ J0.00823% <0.03517 | «.71354 ~0,00563
0.71002 -2.00278 {0.20452 0.05826 § G.QNRAY -Q.03454 4§ 0.7304¢% ¢.00130
0.01092 =0.00183 10.70231 0.03961 f 7.00927 -0.03402] 0.79454 0.N0909
9.01148 ~0.00133 j0.11068 O0.00024 20,0096 «a.n¥317| 0.83830 0.01562
0.01270 -0.,00037 10.33338 0.061311 $0.01062 -~.03552] 0.8827% 0.02031
21368 2,008 $9 NS4 0.06522 §O0.01124 -0.03%993] 0.89174 0.020%
0.01474 0,00135 19 44252 0.06689 J0.01229 -0.03646) 0.90395 0.02161
0.01%33 0,00172 |0.686046 0.06796 §0.5.308 <C.03682 . Z.9176% 2.02209
0.N1633 0.00274 {0,530400 0.0683%6 §3.5;18% ~3.037121 0,.82646 0.02224
2.01709 Q.N0317 {0.56573 O.06865 R0,01451 ~.037461 0.23316 G.02228
0.01813 O.N0389% [N, 57442 0.06862 §0.01512 -0,03770} 0.%378 0.02223
0.01908 0.00440 {0.61896¢ 0.06823 F0.01579 «0.03797 | 0.%4814 0,.02217
0.02012 O0.00489 [0.66303 0.06700 JO0.01637 ~0.03832] 0.9%3340 0.02164F
0.0¢129 0,00571 J0.70781 0.06487 J0.01722 -0.03837 ] 0.96147 0.Nn2142¢
0.02228 0.00642 10.75032 0.06184 R0.01803 -0.03886 4 0.975%4 0.0209%
0.0239% 0.00728 [0.79%431 0,03717 Ja.01094 -3,03920 | 0.9789) 0.n2043C
0.02158% ¢.00830 [0.81199 5.,0%483 §0.01375 -0.03945 | 0_98776 a.01e73%¢
0.02761 0.080%0 {0.82983 £.035221 J0.02045 <0.07939 | 0.99¢50 0.01895¢
0.02931 0.01002 {0.84958 G6.04904 10.02183 <0,01990| 1,00000 0.01361F
0.73IN88 0.01064 10.86460 0.04638 R0, 03217 <a,84858
0.03299% 0.01171 |0.A82f3 0.04352 J0.02469% -0.04071
a.n340¢ 0,01261 |0,90133 0.04004 F0.02411 -0,.n4108
0.01636 A.3i310 [G.91841 2.03671 §0,01773 -0.043150
0.013839 0.481400 ]0,935487 0.03367 J0.02942 -0.04192
0.04036 0.01493 0.95301 0.03030€En.0315% -0.04240
0.04263 0.01581 {0.97060 0.02725¢ {0.03324 -0.04279
A.06184 0.N1615 [0.9879% 0.02402280.03814 ~0,04379
0.0436%5 ©0.01706 |1.20000 0.02155E00.04233 -0,0445]

0.04727 00174} 0.C4592 -0.n4S525!
n.05121 0.01880 0.05128 ~0.04588
0.0%581 0,02042 0.05601 =0.n44k48
0.nk0L6 0,02189 0.06477 —0,0475%
0.n6487 G.0133% 0.07419 «0.048%7
0.,0489% 0.C2655 0.08227 -01.04938
0.N7342 0.0238) C.NI0ART 0,054
n,07830 0,0271% 0.1N09%2 ~0.NS161L
f,54219 0.628(7 8.12853 -7,051%%
0.0A660 0.,02928 0.14417 -0,0539%
n.081Ll 0.31017 0.18221 -0.NS487

Scte: "t denotes “extrapclated"
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TABLE 11. LOCATION OF THE LANN WING PRESSURE TRANSDUCERS

i sactiom: {|n = ,189|n = u625|n = ,639in = 814
y 2K
5.0 X x x b'd
10.0 b'd x
20.0 x x
30.0
4%0.0 x x
50.0 x x
£n.0 z x
T70.0 x X x b d
80.0 x x
5G.0 x x
TABLE 12. LOCATION QOF THE LANN WING ACCELEROMETERS
Tl
sectionzi n = ,100 n = 420 1 n = 700 I n = .520
X =737 [X=236.b4 |X=375.2 |X=L492.2
(6s £ c) (B0 B c) |(5.7%¢c) | (8.3 5 ¢c)
number 1 L 7 10
X =175.8 | X =325.7 | X =U47.2 | X = 542.3
(36.5 % ¢) | (39.7 % c)  (39.6 %5c)]|(39.3%¢c)
number 2 5 3 1
X =300.3.] ¥ = L41k,2 X = 512.9 X = 563.1
(7T3.2 £ ) 1 1T2.5 % ) | (T1.0 % c) | (7T0.T & <)
nusber 3 ) 9 12

\oY}
gt




TABLE 13. LANN WING STIFFNESS DISTRIBUTIONS

EA ELASTIC AXIS

&l BENDING STIFENESS, LB IN?

GJ TORSIONAL STIFFNESS, LB IN?

ws WING STATION

a SWEZP ANGLE OF 38%, CHORD LINE, DEG

THE DISTRIBUTIONS OF €l ANC GJ ARE RELATED TO WING SECTIONS
NORMAL TO THE ASSUMED ELASTIC AXIS.

% SPAN GJ*10™° gri0=8
ALONG EA (LB IN2) LB IND
0 115.6 82.6
12.5 61.7 49.0
25.0 36.8 31.9
37.5 23.0 22.9
50.0 14.3 15.6
62.5 2.3v 1.0
75.0 3.55 6.76
87.5 1.81 a.77
10 J7 2.3




TABLE 14. LANN WING WEIGHT AND INERTIA DISTRIBUTIONS
(ELASTIC AXIS COCRDINATE SYSTEM)

PERCENT SPAN WEIGHT BENDING " TORSICNAL ) STATIC
ALONG EA, (LBS) INERTIA INERTIA MOMENT
AB-IN2) (L3-in9) W8 - IN)
S 13.12 2.5 114 3.28
15 10.95 16.6 98.3 2.59
3 10.38 15.8 8.9 78
k.1 8.92 13.6 51.8 70
45 7.15 10.9 3.8 0
55 5.8 8.4 16.3 T4
45 5.17 8.0 13.2 &
75 4.11 8.7 $.0 20
8 3.3 5.2 8.6 13
95 2.9 4.5 5.4 <8

TABLE 15. COMPARISON OF MEASURED AND CALCULATED LANN WING
NCRMAL MCDE FREQUENCIES

LOCKHEED (WING-ALONE MODES) NLR (WING=IN-MOUNT MCDES)
MODE SHAPE MEASURED* CCMPUTED* MEASURED*
1ST S8ENDING 3L93 32,01 2.56
2ND BENCING 15.75 117.40 104,46
3RD BENDING 249.07 1.4 229.39
1ST TORSION 292,12 291.70 292.95

* FREQUENCIES ARE IN HERTZ
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TABLE 15. LANN WING STEADY TEST PROGRAM (RUN ID NUMBERS)

§ 0.62 0.72 j0.77} 0.82 0.87] 0.95
Q .
~0.4 16 27 L6 67 88 97
0.35 17 68
0.60%) {f 15/19 28 | W7 69 89 98
0.85 i 70
1.60 20 29 L8 71 e 99
2.00 183 218
2.35 235 238 | 2%0 132 155
2.50 210
2.60%) 234 106 1 121 222/133 154
2.75 ‘ 229 S2k2t 245
2.85 238 237 | 2k1 124 155
2.90 231 230
3.00%) 184 221 ! 168 ¢
3.25 223 kL | 247
3.50 224
3.60 10k/232 | 110 ] 122 135 . 157
L.oG 225 165! 2L8
L.s50 226
L.75 201 205
5.00%) 185 193 | 202 206 228
5.25 203 207
5.50 227
6.00 186 194 | 204 208 229

*} Steady incidences for which unsteady mefsurements
.were performed as well
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TABLE 17. LANN WING UNSTEADY TEST PROGRAM (RUN ID NUMBERS)

z 12 24 36 L8 60 72
Aa 1.0 0.25 |0.25}0.25]0.25 | .025
a M
0.610.62 1l 361 1297221 23 24 25 26
0.72 30 31 32 33
0.77 11117 118 | 119 | 120 65 66
0.82 | 83 731 17 85 8e 87
0.87 4 91 92, 53 34 35 56
0.95 100 101 102 | 103
2.6 |0.62 105 106 } 107 | 108
0.72 il 111 112 | 113 114 115 116
0.77 }i123 124 | 125 126 128
0.82 1139 ib3 ] 150 | 151 152 {153
3.010,72 165
G717 16€
0.8¢ 167
0.87 170 ! 171 172 1173
0.95 il250 175 1 179 | 180 | 181 182
5.0 10.62 |[187 188 {189 | 19C | 193 192
0.72 {195 | 196 | 197 198 199 | 200
0.82 jj211 212 1214 215 1215 |217




TABLE 18. LANN WING TEST PROGRAM FOR AMPLITUDE AND HIGHER
HARMONICS RUN 1D NUMBERS)

Aa
Mla |t 0.125 0.23 0.5] 1.0
‘ harm
0.62]0.6}12 1 3% 21| 35| 36
as {1 3T [2a/35/125 | k2
2h | 2 Lo/130 1 43
24 3 L1/9311 44
3-6—#—‘1 Ls 23
0.82 0.6 |12 1 72| 82| 83
24 1 78 31 79
24 2 T4 | 8C
24 3 751 &1
36 1 76 7
(0.8212.6 |12 1 135 137 [ 138 | 132
24 1 140 143 | 146 i
2 2 141 thig | 147
24 3 12 LSERRL-R i
36 1 ko 150 "__J
0.95 [ 2.6 | 12 1 161 { 162 { 163
0.9513.0}2k 1 175 | 178
24 2 176 i
el 3 177 !
0.82 5.0} 12 1 209 | 210 | 211
24 1 212§ 213




TABLE 19. ADDITIONAL LANN WING QUASI-STEADY TEST RESULTS
FOR UNSTEADY TSST PROGRAM (RUN D NUMBERS)

-t l j
A“ 0125 0.50‘ OOTS 1.00 l
a -1
G.6| .62f 260 261
.72 T | 262
T7 . 263
82§ 26k 265
87 ' ’ 266
95 267
2.5] .62}]258 269
72} 270 T
JTTE 272 273 |,
L2 27k 27s
3.0 C.7T2
.77
0.82§276 | 277 278
0.87 } 275 .
C.55 § 280
S.01 0,62
d.72
Q.82 281 | 282 283




TABLE 20. LANN Wil DQUIASI-STEADY TEST PROGRAM FOR
ANGLE-OFATTACK L5073 RUN 1D NUMBER)

Aa 0.2% {1.00
o &
a M ¢
1.60 | .62 <84
T2 285
{17 286
g2 287
.95 288
2.60 { .95 ll289 | <s0
2.75 ] .82 ||291
3.25 | .82 |leg2
3.50 | .82 293
b.co .82 | 294
.95 § 295
L,50 | .82 26€
4.75 | .82 |l237
5.00 | .7T |I30C -
| |95 258
| 5.25 l.&a 299




TABLE 21. MISCELLANEQUS TEST CONDITIONS FCR LANN WING

un a ¥ 2 I ta  |nam
38 -i 8.6 : S.8cj 268 c.5¢ 1
84 ‘ 0.6 ! ¢.821 18.0 0.50 1
127 ff 2.6 {0.77! 50.0 | ©.25 .
164 {| 3.0 Jo.95112.0 | o.5¢ 1
1% il 3.c | e.95] 12.0 | 0.5 1
158 || 0.6 | 6.95| 30.1 0.05 1
159 2.6 | 0.95} 30.1 0.C5 2
160 | .6 2.95) 20.1 0.C5 2
253 || 4.0 jc.o0f12.0 | Q.25 1
254 )| w.c jo.00f2%.0 | c.2% 1
255 | %.0 | G.0G] 36.0 | .25 1
256 § 4.0 |c.colu8.0 1 .25 1
25T § 4.0 1 0.00| 60.Cc | ©.25 1
258 L.0 ] 0.0G¢]| T2.0 0.25 1
- IS

JEES
g
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Figure 1. LANN Wing Planfarm Layout.
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rmcu. SECTION Wﬂlﬂl PRESSURE ORIFICES

Figure 2. LANN Wing Assembly
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Figure 3. Airfoil Sections for LANNN Wing
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Figure 4. Pasition of Measuring Points on the LANN Wing
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Figure 5. LANN Wing-Stiffness Test Mirror Locations
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Figure . Bending Stiffness Distribution
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Figure 7. Torsional Stiffness Distribution

wn
LY}



suopo0 sur] epoN doys spow [spow NNV1 ‘8 o1niy

ZH Z1°262 = § ‘NOIS¥OL 1S - IGOW HLY  ZH £0°6+7 = 3 "ONIGNIE Q¥E - JAOW Q¥E

INIT IGON — - -—

54



 — ROTATION
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| TURN TABLE [0 WIND TUNNEL
| SIDE WALL
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|HYDRAULIC ACTUATOR

Figure 9. LAHN Wing Mount Installation
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Figure 11. Ble ~Diagram of PHAROS Data Azquisition and Reduction System

57



WING LIFT COEFFICIENT
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. UNSTEADY (6 FREQUENCIES)
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—t e i ! I
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MACH NUMBER

Figure 12. Measuring Pragram for LANN Model
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(&) NLR COEFFICIENTS

rigure 14, Computed Steady Flow Pressurs Distributions on
Wing with XTRANSS Code
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* MEASURED M =0.82

- AMES AT 1600TH
L Y L4 L J Y At = 0.025

====NLR AT 1000TH
At = 0,04

n =0.500

0.8+

Figure 15. Pressure Distribution Comparison of XTRANGS Code for Differs -
Coefficients
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LANN WING (BQEING/NASA-LANGLEY XTRAN3S)

MACH NGC.

MEAN ANGLE
RED. FREG.
WING PITCH
STEPS/CYC.

0.72000
0.60000
0.0cGa0
0.00000
Q

MEAN VALUE = £.Q0Q0QQ

AMPLITUDE
PHASE ANG.

= J.00000
= 0.00000

0.56

4o 0.48
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MACH NUMBER = 0.72 AND MEAN ANGLE OF ATTACK = 0.4

Figure 16.

XTRANS3S Code (Sheet 1 of 4)
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Time History of Steady Flow Calculations with




LANN WING (BJEING/NASA-LANGLEY XTRAN3S)

0.82000 MEAN VALUE
C.60000 AMFLITUDE
0.00000 PHASE ANG.
0.0acaa

qQ

MACH NO.

MEAN ANGLE
RED. FREQ.
WING PITCH
STEPS/CYC.

[ ]

[

g.000aa
g.00000
0.00460a¢

0.40

.36

0
Y,

o]
) NS0 EER AR N
R ——
=z
O f I R B
© % L ; %
S —T |
° RENRN
; ]
i ¢ [
e i : ——
—

.00 8.0a 16.00 24. 00 32.00 40.00
TIME-CHOROLENGTH

() MACH NUMBER = 0.82 AND MEAN ANGLE OF ATTACK = 0.4

Figure 16. Time History of Steady Flow Calculations with
XTRANSS Code (Sheet 2 of 4)
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LANN WING (BOEING/NARSA-LANGLEY XTRAN3S)

MACH NQ. = (,82000 MEAN VALUE - 0.Q00GC
MEAN ANGLE = Q.85Q00 AMPLITUOE = 3.000QC
RED. FREG. = 0.00000 PHASE ANG. = (.C2300Q0
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TIME-CHOROLENGTHS

() MACH NUMBER = 0.82 AND MEaAN ANGLE OF ATTACK = 0.85

Figure 16. Time History of Steady Flow Calculations with
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